Aims-To study the accuracy of routine laboratory diagnosis of malaria with the aim of improving accuracy in diagnosis in the future.
In 1991 there were 2332 cases of malaria reported in the United Kingdom with 12 deaths, 11 due to Plasmodium fakiparum.I
The laboratory diagnosis of malaria is based on identifying parasites in peripheral blood by examination of thick and thin blood films.2-5 Most slides made in the United Kingdom where malaria is considered a possible clinical diagnosis are submitted for verification to the Public Health Laboratory Service Malaria Reference Laboratory (MRL), or the Hospital for Tropical Diseases (HTD). In addition, HTD organises the United Kingdom National External Quality Assessment Scheme (UK NEQAS) for blood parasitology.
We have undertaken a comparative study of all blood films submitted to these two reference laboratories for confirmation or exclusion of malaria parasites. We attempted to find out the accuracy of routine laboratory diagnosis of malaria in the United Kingdom with the aim of improving accuracy in diagnosis in the future.
Methods
The study was conducted from 9 March to 31 May 1992 at the MRL and HTD. All blood films submitted during those dates for confirmation or exclusion of malaria were examined. Ninety one laboratories in the United Kingdom submitted blood films from a total of 267 patients. There were thick and thin blood films from 104 patients, thin films only from 161, and thick films only from two. A specimen was defined as the blood film/s received from one patient. The type of referring department was recorded. The malaria diagnosis made at the reference laboratories was defined as the true diagnosis and this was compared with the diagnosis made by the submitting laboratory as stated on the request form. Their diagnosis was regarded as correct if it stated the same malaria species as was reported by the reference laboratories, but incorrect if it did not, or if malaria parasites had been reported to be present by the submitting laboratory, but not seen by the reference laboratories.
Films which had been stained for the presence of malaria parasites before submission and those stained by the reference laboratories using standard methods3 were technically assessed. It was assumed that slides stained by the reference laboratories were stained correctly. The The results were tested using the X2 test or, if appropriate, Fisher's exact test.
Results
Blood films were submitted from various departments: from haematology (n = 79), microbiology (n = 8), pathology (n = 2), one each from immunology and obstetrics. There was no significant association between the source submitting the blood films (haematology department or other) and incorrect diagnosis. The numbers of patients' blood films referred by individual laboratories varied from one (44 laboratories) to 21 (one laboratory). Table 1 shows the diagnosis of the reference compared with the submitting laboratories. According to our assessment, blood films from 227 out of 267 patients contained one species of malaria, six patients had mixed infections with two species, and in films from 34 patients malaria parasites were not seen. Incomplete results apply to those submitting laboratories which identified malaria parasites but did not state the species. There were 17 P ovale infections, and of these, only five (29 4%) were correctly diagnosed, whereas of the 210 remaining single infections, 162 (77-1%) were correctly diagnosed (X2 = 18A4, p < o O001). Table 2 shows that of six mixed infections, only one (16-7%) was correctly diagnosed by the submitting laboratories, whereas of the 227 single strain infections, 167 (73-6%) were correctly diagnosed (p = 0 007 using Fisher's exact test). In three infections P falciparum was identified but the second species present was missed.
There were 104 individual technical faults from 82 specimens. These were: acidic pH As the microscopical identification of parasites in blood is the most certain method of confirming infection with malaria parasites,59 it is to be expected that haematology departments would undertake most malaria investigations as was the case in this study. However, other departments such as microbiology may occasionally be involved and the performance of other types of department did not differ significantly in this study. Table 1 shows that mistakes were made in the diagnosis of all species of malaria. Five of 112 patients with Pfalciparum were regarded by the submitting laboratories as being infected with another species of malaria. Patients with this infection may deteriorate rapidly and it constitutes a medical emergency. Current treatment for Pfalciparum differs from that of the other species infecting people. The case fatality rate due to Pfalciparum is of the order of 1% in the United Kingdom'0 and delay in diagnosis is a recognised factor contributing to a fatal outcome. In the case of P vivax mortality in the United Kingdom due to this infection is negligible,'0 but mistakes in laboratory diagnosis are still important, particularly if P falciparum is diagnosed by the submitting laboratories, as primaquine, which is given to eliminate hypnozoites of P vivax from the liver, is not required in Pfalciparum infections. P ovale was correctly diagnosed significantly less often than the other species QX2= 18.4; p < 0-0001). For P ovale, four infections were reported as P vivax by the submitting laboratories. These two species are similar in appearance,9 and this may be the reason for the confusion. Fortunately, the treatment regimens would be identical. In 13 of 34 cases where malaria parasites were not seen by the reference laboratory malaria parasites were reported to be present or possibly present by the submitting laboratories. All species of malaria were reported, and a common error is the detection of malaria parasites where none is present.2 Table 2 shows that only one of six (16 7%) mixed infections was correctly identified by the submitting laboratory. This was significantly less than for single strain infections (p = 0 007, using Fisher ined, which is to be expected as they occur within two to three hours of storage in EDTA. 5 Despite the presence of various technical faults, they did not occur more commonly when submitting laboratories gave incorrect rather than correct diagnoses. Slides containing numerous platelets were not reported incorrectly more often than those without this feature. It is known that platelets, if superimposed on erythrocytes, may cause confusion in the diagnosis of malaria,2 and if several platelets are superimposed they may be mistaken for malaria parasites outside the red blood cell. 9 Our study has shown that there is a need to improve the accuracy of routine laboratory diagnosis of malaria. This could be achieved if routine laboratories continue to gain experience by participating in external quality assurance schemes such as NEQAS. We have shown that their internal standard operating procedures may produce results which are technically faulty, as defined by WHO criteria. 4 Although technical faults had no significant effect on the accuracy of diagnosis in our study, others2 4 have reported an effect. Laboratories may wish to discuss aspects of their standard operating procedures with designated experts, and must have good communications with their reference laboratories.
In conclusion, this study found that there were inaccuracies in the diagnosis of all species of malaria especially for P ovale. The most serious inaccuracy was that five of 112 patients infected with P falciparum were thought to be infected with another species. Only one of six mixed infections was accurately diagnosed and there was a lack of awareness of this diagnostic possibility by the submitting laboratories. The presence of various technical faults or numerous platelets did not differ significantly among submitting laboratories reporting correct or incorrect diagnoses.
